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A Mathematical Analysis for Pulsatile Behaviors
of Blood Vessel
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0?R?????h???
? x??????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
(0)0 ?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?????????????????????? [11]??????????? [12]??
????????????????????????????????????????
??????????????  (< 1)???????????
gn1(t) = g(x; t)  @ g(x; t)
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???b(x)???????????????????????? " (< 1)???????
??????(x; t) ! (; )?
 := "3=2
Z d x
lC v˜
; (13)
 := "1=2
 
t  
Z d x
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3.1 ???????????????????
??????????????????????? (9)??????????????
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????????????? an ? bn ??????? aC ? bC ?????an = aC???
??bn = bC ?????????? (9)??????????????????????
?????????
fn(t) = aC sinh2 k sech2 (k n   ! t) ; (21)
????????? [8]??????????? (21)?????k ??????????
!???????
! = paC bC sinh k; (22)
?????????????? (21) ???????????1=k ??????????
????????????? [8]???????? [3, 4, 5, 6, 7] ????????? (9)
??? (21)??????????????????????????? (21)??????
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???
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z =:
Z sn(;z)
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1   x2  1   2 x2 d x; (23)
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p
1   2 sn2 (; z) ; (24)
??????????????????
K () :=
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0
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0
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
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#
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??????????????? (21)?????????????
????? (27)?????
X := ! t  n

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Fourier????????
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n
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
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????????????????????????????????????????
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3.2 ???????????????????
???????????????????????????????????????
????? (9)?????????? (19)?????????????3.2.2?????
???????????????????????????????????????
????????????????????????????????????????
??????? (19)??????????????????????? (19)?????
????????????????????????????????????????
(19)???????????????(P; Q; M)??????????(U; ; ) !   ¯U; ¯; ¯?
¯U =
M
P 
Q 
M
1=3
U; ¯ =

M
; ¯ =
Q 
M
1=3
; (34)
???????? (19)??
@ ¯U
@ ¯
  1
2
P ¯U
@ ¯U
@ ¯
  1
24
Q @
3
¯U
@ ¯3
+ M ¯U = 0; (35)
????????????????????????? P?Q?????M ???????
????????????????????????????????????????
????????????????????????(P; Q; M)????????????
???????????????????? [7]??????????????????
? (19)????? (35)?????????????????????????????
????????????????????????????????????????
?????????????????????????? M ???????????
????????????????????????????????????????
???
3.2.1 ??????????????
??? (19)??????????????????????????????????
? [7]??????? (19)????????????????????????????
??????????????????? [14]????????????? (19) ???
?????????????????????
??????????? [14]??????? (19)????????????????
???????????????????????????????? k???? !??
???????????????
k = !
3
24
; (36)
????????????????????????????????????????
???????(k1; !)?????(k2; 2!)?????????????????????
????????????????? (36)???
k1 :=
!3
24
; k2 :=
!3
3 ; (37)
????????????????????????
 k := k2   2 k1 = !
3
4
; (38)
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????????????????????????????????????????
???????????????A?????B??????? (19)? U ???????
???? ?????
U (; ) = 1
2
A() exp fi (k1   !)g + 12 B() exp fi (k2   2!)g
+
1
2
A() exp f i (k1   !)g + 12 B
() exp f i (k2   2!)g ; (39)
??????????????????? (19)???????exp ( i!)? exp ( i 2!)
???????
d A
d  =  
1
4
i! A B exp (i k )    A; (40)
d B
d  =  
1
4
i! A2 exp ( i k )    B; (41)
????????????????????????????????????????
??????????????????????A? B?? j = 1; 2?????????
 j (> 0)?  j ?????
A =: 1 exp (i 1) ; B =: 2 exp (i 2) ; (42)
????????????? (40)?? (41)???
d 1
d  =  
1
4
!1 2 S    1; (43)
1
d 1
d  =  
1
4
!1 2 C; (44)
d 2
d  =
1
4
!21 S    2; (45)
2
d 2
d  =  
1
4
!21 C; (46)
??????????????????S ? C ??
S := sin ; C := cos ; (47)
 := 2 1   2    k ; (48)
??????? ?????? (48) ????  ???????? (44) ?? (46) ???
???
d 
d  =
C
S
(
d
d 

ln 212

+ 3 
)
   k; (49)
??????????
?????????(1; 2; ) ! (u; v; )?
u :=
1
4
p
W
; v :=
2
4
p
W
; (50)
 := !
Z  p
W d ; (51)
W :=

1
4
2
+

2
4
2
; (52)
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u2 + v2 = 1; (53)
??????W ???? (52)??? (43)?????? (45)???
d W
d  =  2 W; (54)
???????????????????????????????? (43)?? (45)??
???? (49)????????????
d u
d  =  u v S ; (55)
d v
d  = u
2 S ; (56)
d 
d  =
C
S
d
d  ln u
2 v    S ; (57)
??????????????
 S :=  k
!
p
W
; (58)
????????????? (55)?(57)??????????????????????
??????????????????????? (55)?(57)????????????
??????????
  := u2 v C; (59)
?????? (57)??
1
 
d 
d  =  S tan ; (60)
?????????? (56)?? (59)???? ???????
d 
d  =
1
2
 S d v
2
d  ; (61)
?????????????? (56)?? (59)??? (53)???? u???????
d v2
d  = 2

v2

1   v2
2    21=2 ; (62)
????????????????????????????????????????
??????????????????? (61)?? (62)??????????????
????????
3.2.2 ?????????????????
? (20)???????????? ??????????????????????
???????? [7]?????????????  ????????????????
??????? (20)???????????????????????????????
??? a ? b??????????????-???????????????????
??????? a b????????????? b???? ??????????? 
? 1??????????????????????????????????????
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????????????????????????????????????????
????????????????????????????? (61)?? (62)????
???????????????????
????????????
R1 := 1 exp ( ) ; R2 := 2 exp ( ) ; (63)
w :=
R1
4
2
+
R2
4
2
; (64)
???????u?v?????W ??
u =
R1
4
p
w
; v =
R2
4
p
w
; (65)
W = w exp ( 2  ) ; (66)
????? (66)?? (54)???
d w
d  = 0; (67)
????????w ?? ????????????????????? (51) ?? (66)
???
 = !
p
w
Z 
0
exp (  ) d  = !
p
w

n
1   exp (  )
o
; (68)
????
exp (  ) =
 
1   
!
p
w

!
; (69)
?????? S ??? (58)?? (66)???
 S =  k
!
p
w
 
1   
!
p
w

! 1
; (70)
????????? (66)?? (20)??????
exp (  ) / pW / a1  b; (71)
?????????????????
?????????????????????? (70)?????  ! pw
  1; (72)
??? ˆS ??
 ˆS :=  k
!
p
w
; (73)
?????????? (70)??? S ???????
 S   ˆS ; (74)
???????????????????????????????????????
?????!? w?????????? (34)?????????????
! /
Q 
M
1=3
; w /
(
M
P 
Q 
M
1=3) 2
; (75)
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
!
p
w
/ M
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; (76)
???????????????????????????????????(M=P)  1
??????????????????????? (72)???????????????
????????????????????????????????????????
????????????????? ˆS ??
 ˆS / Q
P
; (77)
?????????????????????????(P; Q; M) ?????????P?
????????Q???????????????????????????????
???? (61)??
d
d 
 
     ˆS
2
v2
!
= 0; (78)
????  ?????????
     ˆS
2
v2 =  0   
ˆS
2
v2 (0) ; (79)
????????????????????  0 ??? (59)????? = 0????  
?????????????   ?? (62)???????? (62)??
d v2
d  = 2
n
v2   v2a
 
v2   v2b
 
v2   v2c
o1=2
; (80)
????????v2a?v2b?????v2c ??????
v2

1   v2
2   " 0 +  ˆS2 nv2   v2 (0)o
#2
= 0; (81)
????????v2a  v2b  v2c ????????
? (80)????????????????????????
v2 = v2a +

v2b   v2a

sn2

;

v2c   v2a
1=2
   0

; (82)
??????????????????
 :=
 
v2b   v2a
v2c   v2a
!1=2
; (83)
????0 ?????????? (82)?????
l =
2 K () 
v2c   v2a
1=2 ; (84)
?????????
? (82)??????????????????????? = 0??????????
????????????????2 = 0????? 0 = 0?????v(0) = 0????
????????? (81)?????? (81)? v2 ????????
v2a = 0; v2b = v 2c ; v2c =
2666664 ˆS4 +
( 
 ˆS
4
!2
+1
)1=2 37777752 ; (85)
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????????????????????? (82)???v2 ?????? (85)? v2b ??
?? ˆS ???????? (53)??????????????????????????
??????????????????? (84)?? ˆS , 0????? (25)??????
l =
2
vc
Z =2
0
d'q
1   (vb=vc)2 sin2 '
; (86)
?????? l ?????????????????? ˆS ?????? l ????? 1
??????????????  ˆS ???????????? ˆS ??????????
???? (77)????????????P??????Q??????????????
?????????????????????
???????????????????? ˆS ! 0?????????v2b = 1?v2c = 1?
??? = 1????
u = sech (   0) ; v = tanh (   0) ; l ! 1; (87)
?????????1  u?????2  v????????????????????
???????????????????????
?????????????????? ˆS  1????? (86)??????????
???????
l =
2 
 ˆS
; (88)
??????????????????????? 1????? ˆS & 10???l /  ˆS  1
???????????????????????????????????????
?????? (69)??
 =
1
!
p
w
; (89)
???????? ????? l ?????????
l =
1
!
p
w
l =
8 
!3
; (90)
??????????
???????????????????????????????????????
??????????-?????????????????????????? a b??
??????????? b??????? [4]???????a b??? (63)?? (71)?
??????????????????b?????????????????????
????????????????? (82)??? (84)???????? (82)?????
??????????????????? (63)???????????????????
????????????????????????????????????????
????????????????????????????????????????
?????????????? (90)????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
????????????????????????????????????????
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? 1 Recurrence behavior derived from equation (86).
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4 ??
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